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INTR uDUC IIuN 

The method of analyzing certain types of indeterminate 
structures by traversing the elastic curves was first set 
forth in the Proceedings of the American Society of Civil 
Engineers of October 1934 by Mr. Ralph W. Stewart, Engineer 
of Structural Design for the City of Los Angeles, California. 
The original paper and the discussions which relate to it 
may be found in the Transactions of the A.S.C.E., Volume 
lol, 193b, pages 105 ff. 

The application of the Elastic-Curve Traverse method to 
various types of structures was presented in n graduate 
thesis by Mr. Hjalmar Sundin at Rensselaer Polytechnic 
Institute in June of 1947- Tne authors are much endebted to 
Mr. Sundin for his work because of the clar if icat ion of the 
Traverse method it offered. 

The guidance and suggestions of Dr. Joseph S f Kinney of 
the Civil Engineering Department, Rensselaer Polytechnic 
Institute, have been of assistance to the authors and were 
much appreciated. 
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OBJECT AND SCOPE 

The general method of Elastic-Curve Traverses has been 
applied to co ntinuous beams, rigid frames, gabled frames, 
and ether types of indeterminate structures composed of 
prismatic and non-prismetic members by Stewart, Drummond, 
Tsai, Floris, and others. Ho wever, the practical appli- 
cation of the method has been limited by the fact that no 
quick and accurate means of finding the areas of the M 
over El diagrams and the location of the centers of gravity 
of the areas for non-pri smatic member has been presented. 
This deficiency necessitated the finding of the areas and 
the centers of gravity by laborious integration. Stewart 
has stated that tables giving the M over El areas for 
simple moments are unknown to him. 

Mr. Walter Kupple has tables which have been used in 
applying the Elastic-Curve Taverse method, but it was felt 
that they could not be used in this paper for the following 
reasons : 

1. The load coefficients are applicable to "fixed end 
moments," and the autho rs desired the M over El area end 
the centers o f gravity of the areas for simply supported 
members . 

2. The beam coefficients did not have the desired 
accuracy, nor were they set up in such a manner as to make 
their use quick or simple. 
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3 . The method of computing the tables could not be 
determined, and it was assumed that approximate integration 
was used. The use of approximations deprives the method of 
the advantages of being a "classical" method. 

The authors therefore felt that it would be valuable to 
devise a system by which the general Elastic-Curve Traverse 
method could be readily applied to the analysis of indeter- 
minate structures made up of straight-haunched members 
subjected to concentrated loading and to end moment load- 
ing. The scope was limited to straight-haunched members 
because o f the lack of available time. 

The authors agree that the general Elastic-Curve method 
has the following advantages: 

1 . It gives a rough picture of what the deflected 
structure looks like(Austin H. Keeves, p. llo Vol. 101, 

ASCE Trans. ) 

2. Does not require that formulas be memorized or copied, 
or compile ated sign conventions used(K.G. Paulet p. 116, 

Vol. 101, ASCE Trans. ). 

3. Saves time in the construction of influence lines 
(Hjalmar Sunain, Master's Thesis, h.h.I., June 1947). 

4. Simplifies and clarifies the distribution of sidesway 
moments( same as in 3.)» 

5. It is of great value in the anelysis of multi- story 
and complex frames, because the method permits the writing of 
matrix equations in which the inverse, or reciprocal, of the 
a-matrix can be written. 
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The disadvantage of the method is that in problems 
involving non- prismatic members more time is consumed than 
when other methods are utilized. It is hoped that the system 
to be set forth by the authors in this paper will minimize 
if not eliminate this disadvantage. 

The authors have derived formulas, calculated and arranged 
tables of values from the formulas for the area of the M over 
El diagram and the location of the center of gravity of the 
area for straight-haunched members when subjected to con- 
centrated loading and end-moment loading. The beam coeffi- 
cient tables by Rupple were rearranged and recomputed using 
exact integratio n and four-place accuracy. These tables 
were coordinated into a simplified system which is illus- 
trated in the example problems. 



EXPLANATION of THi ELASTIC-CURVE TRAVERSE METHOD 



The Elastic-Curve Traverse method is based on the same 
assumptions as the other so-called classical methods: 

1. The angular deflections are so small that the 
aneles in radians, their sines, and- their tangents may be 
considered equal without appreciable error. 

2. The assumptions for the Theory of Continuity: 

a. The neutral axes of all members at a joint meet 
in a point. 

b. Distortions due to shear and direct stress are 
negl igible . 

c. The relative rotation of the two ends of a 
member, for short lengths of the axis, is proportional to 
the length over the moment of inertia. 

d. Intensity and duration of loadings do not effect 
the elasticity of the members. Therefore, for short lengths 
of beam, the differential rotation of the two ends of the 
portion considered is directly proportionsl to the bending 
moment in the length considered. 

3. Joints rotate, but do not have horizontal or vertical 
mo vement when sidesway is not considered. 

The principles involved in the Elastic-Curve Traverse 

are : 

1. The angles between the tangents at any two points on 



the elastic curve of the flexed beam is equal to the area 
of the M over El diagram between the two points considered. 

2. The curvature mentioned in 1. may be represented as 

an angle which in radians is numerically equal to the corres- 
ponding M over El area. The angle is plotted opposite the 
center of gravity of the M over El area. 

3. For any unit of the M over El diagram, a triangular 
traverse of the corresponding unit of the elastic curve can 
be constructed. This triangle is composed of the tangents 
and the chord o f the elastic curve. The angle between the 
tangents is defined in 2. Each angle between a tangent and 
the chord is directly proportional to the side opposite. 

This is because in beam flexure the angles are so small that 
they may be considered to be equal to their sines. 

The first step in the application of the method is to 
determine the M over El diagrams for the various loads. These 
diagrams are plotted on the tension side of the members. The 
angles which are numerically equal to the M over El areas 
are placed at the center of gravity of the areas. When all 
of the angles have been placed, equations of continuity are 
used to obtain eqations which will relate the unknown quan- 
tities. The explanation of the method has purposely been kept to 
a bare minimum, because examples illustrate the method 
without the confusion of a wordy description. The following is a 
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simple illustration. More involved examples are included 
calculations. These samples also demonstrate the system 
the authors have devised to aid in analysing strsight- 
haunched members. 

The example to be used will be a propped cantilever, 
shown in the sketch. A Prismatic beam is used. 



t r 




in the 



as 




This problem has been chosen, it gives a simple check on 
the method. It is known that the carryover factor for a 
prismatic beam is one-half. In other words the moment at the 
fixed end o f a propped cantilever will be one-half of the 
moment applied at the propped end. Thus, if the moment at the 
fixed end in the example turns out to be one-half of the 
applied moment, we will have a check on the method. 

The solution is as follows: 

1. The beam is prismatic, so the moment diagrams will be 
triangular with their centers of gravity at the third points. 

2. Start the traverse at the fixed end, B. There is no 
slope or deflection at B, so the traverse follows the chord 
of the elastic curve to the center of gravity of the M over 
El diagram due to the moment at B. At this point, D, put 

an angle equal to M l over 2 El. Let this angle be called d. 

B 
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If this angle were applied alone it would cause a deflection 
equal to 2/3Ld at A. 

3. Continue the traverse along the line DE to the center 

o f gravity of the are due to the moment at A. At this point, 

C, plot an 8ngle eouel to M L over 2EI. Because point A can 

A 

not move, the traverse must go through A. The angle at C must 
therefore cause a deflection of the traverse equal to AE. But 
the deflec tion due to d’, the angle at C, must also be 
equal to l/3Ld'. 

4. There is one unknown, M , and thi3 may be found 

B 

because by the conditions of the problem there is no deflection 

or movement of the points A and B. This is the same as saying 

that the traverse offsets due to d and d' must be equal. 

2/3-Ld - l/3Ld' There fore 2d-d’ 

and 2M - M 
B A 

3. The results check with the predictions. This gives 
a check on the method. 

This brief explanation and example of the Elastic-Curve 
Traverse meth od can be supplemented by refering to Sundin 
or Stewart(see Bibliography), who have investigated the 
method's application to various types of structures. 
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.riETHUh 0E CALCULATING AhKA AND CENTER OF GHAVITY TABLES 

It was necessary to have tables which gave the M ov«r El 
area and the location of the center of gravity of the area 
for simply suppo rted straight -haunched non-prisraatic members 
in o rder that the system devised by the authors could be used. 
This type of beam is used frequently in concrete end steel 
work. 

The modulus of elasticity has been omitted from the 
calculations, because 'the material from which the member is 
made is assumed to be homogeneous and would thus have a 
constant E throughout. 

rvnown simple moments and moment diagrams were placed on 
the members. The ordinates of these diagrams were divided by 
the moment of inertia, I, at particular sections, and then 
the M o ver El were summed up over the entire length of the 
member by integration. Hereafter, the area will be called the 
M over I area, because the E has been left out of the calcu- 
lations. Exact integration was used to keep the method free 
from approximations and to give the desired degree of 
accuracy. The summation of the M over I values is the area 
desired. 

Next, the M over I values at particular sections were 
multiplied by their distances from one end, and the products 
were integrated to give the total moment of the M over I 
diagram about the end. This summation was divided by the 
previously calculated area to give the distance of the 
center of gravity of the area from the end of the member. 



The calculations were made for a unit length of member. 
This was possible because the length appears in all of the 
terms of the area and the center of gravity expressions- to 
the sec ond power in the area and to the third power in the 
center of gravity. 

The maximum ordinate of moment diagram also appears in 
all of the terms, so it was factored out. This is the same 
as saying that the tables were made up for a unit maximum 
mo ment. 

It was found to be more convenient to make up the table 
using the ratio of the maximum to the minimum depth of 
member, rather than the ratio of the moments of inertia 
as fiupple do es. 

It was felt that the most important variables were the 
length o f haunch, the load point, and the ratio of the 
maximum to minimum depth, so these were made the values 
with which the tables are entered. 

A more complete rang* o f values, possibly enough to 
make up a set of curves, would be very valuable, but the 
authors were limited as to the time available and could 
no t carry out such an extensive program. 

METHOD OF USING AfrEA AND CENTER OP GRAVITY TABLES 
For Concentrated loading. 

To find the area of the M over I diagram, the proper 



- 11 - 



table is entered with the ratio of the maximum to minimum depth, 
the ratio of the d istance to the load to the length of the 
member, and the ratio of the length of haunch to the length 
o f the member. Using these th-ree values, a coefficient is 
picked from the table. This is called the load coefficient, 
k. The area of the M over I diagram is equal to kLM over 
the minimum depth cubed where M is the maximum simple moment 
caused by the concentrated loading, i> is the actual length 
of the member, and k is the load coefficient. 

To find the center of gravity of the M over I diagram, 
enter the table with the same values as for the area. A 
factor k* is pick ed from the table and multiplied by the 
actual length of the member. This gives the distance of 
the center of gravity from the left end of the member. 

For a M oment Applied at the hnd of the Member. 

To find the area, enter the table with the ratio of 
the maximum to minimum depth and the ratio of the length 
of haunch to the to tal length of member and pick out a 
coefficient k ' ' . The area of the M over I diagram will then 
be k ' ' LM ov er the minimum depth cubed. The symbols have 
the same meaning f s in the Concentrated Load tables. 

To find the center of gravity, the coefficient is picked 
using the same values as for the area. This coeff icient , k ' ' ’ , 
is multiplied by the actual length of the member to srive the 
distance to the center of gravity from the left end of the 



member. 
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Each table is accompanied by a sketch, it is important 
that the user examine the tables and the sketches thorough- 
ly to make certain that he has taken the entering values 
correctly. Particular care must be taken to make sure that 
the distance to the center of gravity is from the proper end. 

Interpolation may be used with the authors' tables, but 
to be accurate, values should be substituted into the 
original equations which are included in this paper. Inter- 
polation is straight line, whereas the values in the table 
follow a curve. The variation is particularly large at the 
extremities o f the tables, making interpolation in these 
portions inadvisable. 

SUMMARY AND RECOMMENDATIONS CONCERNING FUTURE WOnA 

It is desired to present here a summary of the work 
d one by the authors and to state the possible extension 
of the application of the Traverse method and to restate 
the advantages of the method. 

The authors have filled the gap which existed between 
the theoretical and the practical consideration of straight- 
haunched members. This was done by devising a system by 
which the Traverse method could be easily applied to non- 
prismatic members with accuracy and by calculating tables 
which were necessary to make the system work. These tables 
include: load coefficients for finding the M over I areas 
for concentrated loads and for end moments for members with 
haunches at one or both ends; and distance factors for 
finding the distance from one end to the center of gravity 
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for the same loadings and types of members as for the area. 

The advantages of the Elastic-Curve Traverse method 
can be summarized as follows: 

1. An exact solution is obtained, the accuracy of which 
is dependent only upon the accuracy of the mathmstical sub- 
stitutions in the formulas presented by the authors. This 
statement applies only to the types of members considered 

in this paper, but when an extension of the work is done, 
it will be true of all types o f members. 

2. A rough picture of the deflected structure results 
when the traverse is completed. 

3. Successful utilization of the method does not depend 
on the memorization of formulas or complicated sign conven- 
tions . 

4. Simplification and clarification of sidesway, 
influence lines, and end fixity are outstanding advantages 
of the Traverse method. Sundin has considered these matters 
in detail, so they were not reconsidered in this paper. It 
is mentioned here to show that the method has advantages 
other than those which are apparent in this thesis. 

5. The ease o f solution of complicated structures 
when using the tables, particularly with symetrical loading 
and symetrical members, is advantageous. It is thought that 

the Traverse method is better than Moment-Distribution for 
ordinary structures with symetrical loading. This is the 
authors' opinio n formulated while working sample problems 
and checking tnem by the Moment-Distribution method. 

Invest igat ion into the applicability of the Traverse 
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method to the analysis of srches might prove valuable. 

It is thought that future work on the Elastic-Curve 
traverse method should include the calculation of tables 
giving the areas of the M over El diagrams for straight 
and parabolic haunched members subjected to uniform loads 
when simply supported and for parabolic haunched members 
with concentrated loads and for the distances to the 
centers of gravity of the above areas. It is felt that 
particular emphasis should be placed on the calculation 
of the £bove mentioned tables, because therein lies the 
r*al practical us-fulness of the Elastic-Curve Traverse 
method . 



- 15 - 

UE\< iv a : . O :4 DT 'Vc'<r\’^uPNtL To‘< O^&'R.V'uviAT'vOts 

OT=- 

\^-A AKu lAoMt?.-HT CT tX^t-A Cf= '^I “ ~\).A A 'U^S 



-Lk \va. VT.ovA ; thc ^w\n \A'\u’u b^e. 

Cov^^Nvr- ^ t:-. To \I_tl f 2 \r\v_-’ n,v \H ovi^v: - At , a„TA 
“E-vaOj . T Vvtl VAvot •w'.uu ^t:-. cowio u vi ,cv- \> A*,. Tvwc. 

V\A* \V-\ .'V' NjA'i-O^R. CP V -*'& TLwW „Vs. WOheuT X)\A<e-wAV-'V 
vJ\T« COwCSUT^.V'ETi Y_CA \} \KiT- j /AwT T^TT 

S' f 1 

VAV--JC-X Y\ («\ \Mw_v T* u. Tab f\A MV\ A V\ \f Av-jt. 2r 

'TWC. SnT'vVa'S- V \0 Wc. t^T Vj iT *■» £Lv) L V'\ V'-’E.k. V Avvv-\T_ 

AT O.NB TL Vj v) Ok T-Vti. OTh£v. TV- T'A '\i TO. \ \ , 

T \aE-^BL v‘A'~OTiA A AB. m u\ c_ AT v- 3. "O \vi -t-WT- ~* s •„ 

4 

■\ 3 cuo^ 



s ( V- O r\ D \ *> *- 




» A . v>\ 



-lb 



/\*btl X- A * 





wvrvi '~-T',<A ^y«T VA-\vrA<^..* 



out va <i> . 



C_\_ A> 








Tc-l "OT^v'e.vi \an vs; \k c^ T've. : 




n \ 

tr o<-<. 



r. 






~ ;iv~ ; 

i 

1 




"Zy&i-T \ o u X — O <v-r X o— 

A\i 

Tix. 

v) \3 "^-C. 



A 



A-^ 



& 



'T2 

O 



v\ 


& 

~x_. 


llt'.lTO 


n,x 


\l^x 


c. - A 


(X 


XC. 




H<_CA 


1 ^ 

vx^| VL 


X — C v— ^ 


(X 




W< 


\iYi-S 


o-\» 


\=> 


b Y-'x=>Y 





XuTSi. tL ,YT \t4 ^ fVC.v\ < ^'CvC.T\c,VJ ^E. V Vi <L V'T - UX '. 



< S> , ELC_T \ 0 Vj A XL 



\c>-> 



AbC. 



.C. 

— A 



X 1 



= c V\^ A‘ 

?.e 2 



vX< 



r e iXA, 

As 



= n_U,A 



.--A 



_A V 



.- •x.-A 

I \iw.XXx\X 

,a X-%5yT 

^ *.-:V 



J-- 



W^YT 



+ \Lt\, 



s. 



x Ax 

IAHYY 



- 17 - 



= „ L__ . 1 

LUHVi 1 HBV 1 -! 



a. 



+ VlT [ Sci-V r-A * -A - A- 1 = C «<. A \'U-A\K*X\ 

xW- £ )U Y‘ ° ^ - 1 - X~l - zXXJ 



J 2 i ( t°--T 1 



-V & 

V 

S>\= C.T \ 3 M C. X> 



D 



f 



^ cW * / \lUo<^ 



^ -} 






— 


\Lttc. 


\. JO 1 f- 


A- v JL. 


v -L 


. -1-1= cl 


cW 




b 


U^yi L 


o ^ ? 

- 


*T 


I- J 


SV3 


tAK\Vi Gr 


, o 9 TVil, TT?- " ' s X 


0 








To-^ f\* cn^A 1 - 

i 


V C, T 4 ' 


V~ 










v - 'V \ 


AXX 


a- X 


lc\= 








(S. 1 


- ^ J 








Tc vC 


. DtT 


■£tn\u at '.<; vi 


C ”t ~V vh Vo. 


CUvj 


ot 


vtT 


OX 


TAX 


p\ v ^.^ ox TnX ^/x ~ f w.-e. Xrx 


^Aovaxwt 


CY Tvic AbXO ,\v.oo 




ox 



TAX. 'Xi'C^tA \"S - 'rOOW "t> , 



T:t^u W$tv&vvr 



V\ _ f \A\S- 

LL j ~ 

'A 



| V\xAx 



(b 



■J~L_ -v 

X 



0 

tVAx 

X 



- 18 - 



'c X a 0 M X' 



(\& 



\3>c 









Ai- ; i> 



A 

*3 1 

\T_V\ c x 



00£-' 



X 

\tJVx 7 - 

CsC-" 1 



V_\ n w i> 
O — A 






\aaw*\ °-(°^ 



T>C_ 



t> \)-e ylvA-*(a^ o-W 

bU- (yiyj 



|V* .\ , o xur^ ^ ^ -r xv> c ye * a e Vt^. - : 

c> r \ 

K\ iJt \“L V\, [ \ c\ x =s A ^Ac . 



*5^ \ o vo f\~2* 



\ i 
& 



/ 



0^- 



TL^ac- V 



TA 



'o 






i t^A* ~= \AA f A \a* 

4 ^ ’■ h A xmv? 



— c ~- ^ - A c ^ AAA ^ AzijA ^ 

s \ O 

4 -~ AA A ti ' -A - ^ -*■ * A 



^ A 



y 



-v vlw*. ( ^zAV 

- v °\— ] 



a t- 



£.CT\0 ^ C. v> 



O 



T 



\d 



"\ V 'X- 


na \ 


A ay 


i 


o*. L 


■ e ^ 


v 1A. - 


<A 


~i 


A 


’-S 


Z. 




\j 




iX — 


C N* 

\z.W 


-\_ X A 




\d 

Ci 


\4-(i 



\Z 



VwvA-< = wUh‘Je 



• a - a a 



U.^viL^ y T 4 i4 J 



- 19 - 




•SEC-T\a^ X - Q 
;Y\b A 

Xi Xi-C. 

^ t>-e 



n 

\Vx 

cx. 



w /r 

VL^C 



<X 



L \ *A \T : 



C - Os. 



XJA^-X ) O-(»to-t0) 



t_> ^ 

fU_ \ 7 _U_ C X 

“ Kx-feVT 



O- c.V_ 



C T> 




- 20 - 



XviTE.G-'S-VC V*0Gr 'EA.C.H “i.H.C.T\OM 

OL 



^■E. ‘_T \ Q vi |\ 12, 



*^5)t=oc\oKi 




= \lA 


ft'- 


\o c.^ L 


= Mt'W 


r zv\- 


L 


^■^CTiOKi 


C.t> 



\i_ v\ r _ \ Ax - o V\c._o^ 

VKd*» • CL -2 * 

% 

\d- c_\. 

b«.* 



2. 



'] 



.\_ 

•r- eyyx 



VUV 

b • 






V 



.U-cV 



_ -1 
c 



■v 

; - x 



Jl 

* 



- ^r 



U 



r X 



- <kM <a x ' 



■*'0 ^\V\\viw 0 P ~T w^. *S ^ s-A Cl * - # c u 



A~qt/v_ f\ — C V\c. 



c*. 



be.* ^ 



.^y 



V> ■*t ! 



To*_ \)eTtSKnHi\ ^J\r \oTfM_ V^WR.^-" T\. * a 



c: _ _ 

v->X^.CU\ \OVJ 


x=o 


X -*- 


vy 


ft*/ \ 

'X u\v\ 


T < 


/\e, 


A 


As - 




\1S^ 


CK. 








cxc -1 


<xe.- 


^c_ 




fc-c. 




•A >.. 


-(>-^ 








be 1 


Vxs.* 3 - 


CD 


t> 


b -c_ 


\ "l Vv^>s 


U.V\ c y(\.-A 


o-cL 









- 21 - 






;T^-C,T v^j VA ^ > 



<x 



\i-V\c x L cAx _ 4 V\<_ oJ- 



(XC "* 



- D-CLU. 



"q te-T» O K> | \ l ^ t. [_oj\o -v (v - O. V - ^ 

K "S'e 3 

— \1 ^c . y o.\j v'c-c'^ -^-(o- 0) ' x 4- oO^ - (v> - C.O) 



b<£. * 



i ts- CJT \ o 



C.V 

\;l^c_(>V_- >\ A *, 



c.n, 

\=) 



. v e 



-t e‘ 



- uJV- \ ^ 1 \ U^id - JL - 'il 
: -«yj L * e ^ 



S 0 W V\ .1 5 U <? "T 4 ’<* ‘S'^-A ■ O ^ ^ '«. 



TW W.tivrr B. =■ 4 Jk 4 

4* \X\As_ \ <\\o {.'l - c ~‘^) -V Qo~ C-b — l p - C A- ^ ~\ 

be? L ^ -* 

4 l v\ c_ el? -v vlvW v ee ~\ \ ^ *iir -3? - 

~T teylL - - ^ ^ 



\=> 






View 



C.^£'j T 4 NxJvas-* *S\r\$oa, 



VXO^AevOTS T o 44 

Wc-AVa^ A\Av\ 4 *bTi-4\C,v\A W4„4s-'~ A\ 4^’ 



^AV \5 ACe 






X 1 (ovT’&Q 



- 22 - 



Case. TI - A : 

V 

C- 


Honewt A.V>rw.\ltt o 


<V* ‘4T4,%\ o-yvT 

b / 


e 


L 

' 




n 

1 

! 

' 1 

1 


f 

1 

1 

1 

1 






v~ 


a 


cl J 

r ■ 






L 

•«« 





Y 



”Foc. X>&Trs^.^\vs.vj <» 

vt ■. o X« o x - »* 

A* 



AU 









A-e> 



v ,- 1 



JA 

tVx 

Y_ 



A 



fL 



\lA* 



\-\ V "T _5 

3 o~— V 



Ah^vY 

V\ tA (cVA \ T_ V\ r v.''-Y-v^ 0-(v.~cl^ 



\_ 



\_e' 



YLktvi - u - Bach s^c-txCMJ 



C. \ > O ^ 



A. 



VI \ \k ^ cAx 

oAH^eVy 



\i V\k / ^ Ax 



v_ 






n -3 

i 



\v\ 

L 



n {cAVA 



CvcY 



_ A_ 4 ..£. 4- J_ - A - . 



] 



.'v,u Vi : 






V.-C.V- 

\L^ V, (^c_ V. vx^ A 

Le ^ 

\ lA A(L-cX A 4 C a \y (i-a -Y 

V-e> Le- 

= C Ar 

LO 



, X \ - 1 • x \ 1 - \ V , \\^ 

L C.\_ ” T.C. L, -V \_ •> LC, u **“ C_ — 



c n* c' l 



~r e 



- C .tt n l('-< A 



- 23 - 



vj (tr sjP Tn’w 


^•-WcivJ 


t * 

v *f 




"W f\ (\ - 


Cr L. 


\ ~sZ 


vt\-c l Vv 


e x 


L-f 


«r j 


T’Ow X)\tt. 'H.&SMVO \VW 


TtaV \aokuvjt 


0 Tr T ^ V*L P\ *- 


T\v\^_ A.Q,c-wT 'V** 


'^X^'rOT 


^S. VJ'si 


^ %.; V- 1 EL A 



3 . rj, i. A.T \o <0 - 



C.T -.ofO, K - O X 



(A/ 



V\x/ 






Ps A-Cb 



MVA n X 



V-\hvt 



Q- C. 



IjC 



\6 \>-C- 



l Lh^ x T 



-\c>*Y\ H.j \ *r ^-X~ \v 5 Ca- 3 .X 

,cV 

fe'.OU rVvb 






J 



VL^nX c\x 

o^-L-C^VT 



- b [- 
u L^-cV 



L ) j 

L.cl UP 1 r -,V^ -l^i] 



- - \m 



K 



(.4-eY 

C- 



:V> r v c . 3 : - i~i 



,_ e t- J 

\_— cA_ 

\ i (c i y } j, i C.V. -v>£^ ^ x 



— Vk^Ln \ c v l> (.L-cO) v cA-(y-c_\-Y A- ( v- ~ ^ V -Y j 

— \ C N - c.^ ( 3 c VK \ -ic -vc^ 

= ‘ 4 VC 

e" 5. 



- 24 - 



~>0 ft ft\va Q, Of* T “O/e , ow _ *. 



'ToTA.V. Atxio^T TvO® \2 .\C.va,T "E VJ ^ <0 ^ TA^j 



YV ~ A \J ~ G-C_Y(^\ +C + C. 1 '] 

- 'i*k^ [JL S. -Vi,! - 30 - II 
CA-cV L 4 ' c l i 



^ t msh'S^t £ vvPu\'* 3 .^ a~ W^'jw^ , ^ T a "Hwo 




~Toc T)-5T 


T* V- W 


■ vi vX._ fV 


o.\z x • 




S’ECT vCi Ki 


X* o 


x a- A 


.A 

-X VAVWTS 


A\i 


A 


A-'\2> V\ tA x 

\_ 


x iXiY 5 o 

V^e.^ 


-A 


^c_ 


\2> 


a - c fx u 


^ YlV\ (a X V >‘^ 


o 4 






\_ 


u H^y? 




XtOT E. QriiL/\T \ t-j 


fi > ‘','"E.C '\ »<■> ^ J 1b * 






aM 


A A 


( \ L Wa x A X 


= c, tv d 1 - 








lc^> 


" lc’ 





o 



- 25 - 



‘S^ATxCHO Ta 



-L- \ 



\"L tA ^ - A X 

U u^v^yy- 



=r \~L ft* o\ \ 1 



'tA 

C 



\ 



O-ja 



"L ^S-A e x 

X~~ w\ \ ' 



-V- UVWv ( - 7 J V \ . A a 

~~ '“ \ 4 e I L 



**Y — ^l. — A. 



\ 

■C i ^ C. ^ci j 



= LV\h 



AT A \ (y- ^(4 v& ^~\ -V 'vo \ A.t*, (i-~. A j 
i_ A 1 C V -A V- "V Xs_ 



"o O V\ A >.yV 


-O'? 


Ta’xtL SX- -.'• \v 


vo?, ; 








\ CT A A 


iXvr: 


A (A *■ 


L.\V 




i tv.- T 








% 




V.fz? 


u 










C W 
....- 


lk-j\ 


u 














x e 












To A) \~ 


TG.v V' \ vi VO v. 


Xax= 


rvor-v:- u t 


<0~’ 




* 1 


k, C-'fW V! 


i\v. 0 .• 


r 'r -,tl 


\~>c a 


A 


0 T* *T r*\i. 


o vk A v-\ 


Ti^C-Tv 


O v-0 


X 

f< 

\o 


A — **»■ 


*Vr 

a- 


ny 


\~W\ 


,Tw 


k£> 




/A 


A -vo 


\iM 




o - 


<A 










\_e> 


Lo“ 






\!c- 




T 


vl- x 


aUnUvo 


A Q 


X- 



L Wt^T T(^T 



J_ WTli <i- 2. VT ' v-iC. ^ X *s 1= CX vO v.i 



c\ 



A/Sc: 



r\o»o C\\j ( \lA\v* — 4 - ^rx <A 






x 



v_e^ 



2b 






L-Jl 







=r: ! 


2 A 


w-c\ 


| a« 




L 


*• McrS>y 




i v 

-V \1 


-i\ , 

xM* 




^ u 


X-i^xY 


V Ye> 



*V \ 1 ^ k c\ ( L- Y -v \~L\Ak / L- dV r ;ie _ c^; _ 2. 1 
\_ .SJi^ „ V-v-ci ' L ^ i-$‘ L z _i 



""l 0 SA V\ - va '_ VJ ? 'TATE ‘"'Cj’S OC.AiVo "i 



T OTZ-tV "F. 0 1-' - ^ Kl T 


CV- T 


\ V w Mr r~ 


ItvT V.v>u 1\ = 


A\VA- 4 


uv Xu A U-i\ 






V. -a '’• ti>‘ 


-v vi rt n ^ (v- y 


\ X -V \\V\vA 


( '_- c\ V fv •£. -Vie. .e 1 - 






Y-e ) L «■ -V -.v 1 - 



\ i v ‘ w k_«'' - *v .-v- ^ r* or v*"»V\ i • <*» < \Cr O c ' 

Tc.^nJ Tow '-•'! . v> v -\ V virV Aull Wov-y. >r 

Y\/ 

O'F T «* V* 2s-^.'> r >•• 'TrtK ' 1 2 \ V \«- _ ”Vi <i-i-\V\ ^ 

\Nl\T v» P\ Va -Vj V ' . -* A ~ ! . W» lit AC- “ i ^ U v < . V^UnT ^ N it TSr-'v^C. 

\"\ t-\ ‘■jN CA'A tA v V— ,rV -- V\ A V \ — SO A> Af“ "cr.. \ V **• V* >_ ILv-- 

V'VL w Ti.'K. vCw'j ,. ■»£ *.«. j . 



27 



.-V-i- IS - ft\ V_o,\ „ 

XL A t A 



F’vAV- t-\ A|T l C. C^= 




Toi. "Ahr- rAM V_^.T ^ = — (v^^- — J 'I 

AKi %■' v -~ c ~ 



' WStk ) T-Ow “j'xl T A-‘ \'-\ ' V v^j . V. V Av.n 

\A 



• ATA'itA X-O X 



J&- 

X 



Yt-MT' 



M-_ 



\Y 



O 



Y-_ 



A A -XI v "V_x \l\c“x 

^XCY x ^ O - c> - 

v « 

X-v-Xi \iLXsY 



ti ~c_- \j 



r> 

U 



\) - v- 



O 



-(y-y 



V -3 



Y ^ - 



V Y - X \lU e c? Y--x\ o - c_ 

Y \o(i c_a Vx^ 



i-K T > 'VC i- *L/\T\0 A- Y\ 
'"■ A~ AT \ 0(0 f\ tL 



-x\x - ; o x •. 

j r - YX 1 v 



\ih. 



ckV- 



l h c. • -v- _\_ 



= nw 

CK. \- Z. X 



- 28 - 



*-* Ci. s-T . 0 ^ 


T_0 


= atU 1 

cveX 


*s. 0. - 


w E’lT\c \ j 




- uO v 

'oe 1 1 


\oCc-c? 

L 


or \ o kj 


‘■“w S_ 



>> - c_ 

\7- tA <_(. c. -v > | c\-x 

CkO 

zsTl = _£dk 

L \ 



V> — c. 

/ \i H w p o-^ Ax 
A be 1 






- C .U. (.V 

\==~ 






VljA. J* (c-Q Ax 

Vj ( s _C-C.A-V'x N ^ 



~T 



\o\o V 


f - C_-V Y C. 


v . v ' 


Vj 1 


_xY\ u ^:-vV-| 


-> t“MA \ >o v* 


\) v ~T s * v > 0 


* — > "v* 


ot^l ~\ * P\ “ 


U\c> 






,VU 


v- x Y\ _ 


Y'---: s ) +' 


Y Uc. 


Y, 




'd'rY 



xv- ... 






M 

iU. c_ 



L 






V ^ 



iX <2.- 



* V-tMtoVti-y T-.t^. O'? T V*1 *- 

,~\ fOx ^ *\ s. J * r% r* V- vA T‘*T t K' - \ r\V^ ' i Yx V\ ^ "w 

To v. w. c at WO *> T.^v.— A& V ., w \x ^ ^ \jt-T V} ^ , 



‘D^E-T'vOvO \-0 X 












\ 



A ^ ^ 



IE. 



~b 



T-c_ 



M/ 

a 

Xl-VV'^X 

xu-M 3 



\Ax/ 

A 

yl\v J\ x 



Ya-a*Y 



ylWc.Cm'A u\A,_ U-vY 



\1- 



^m\TL 



o- 



O • v- 1 



'.K.^ 

V, l 






J^A \\W <. ^-YY~v >\ o - (v> - 






'c 

-V. 



\ l-U^ C?\--V^ .A V\^C (c-x j^L-C^y N ; } 
vo XLc-vA* V> *- v\ <Y ~ 



T 



Vitn 'i V_H^' 



T \ Wj • t» A.X AjV* _' r \ ", V„ - O 



'^>'H.wT>C>iX jV'E- 



at\, Y \ s 
o~vo> L 

\i\\Y rc 



Vv, 



\l\\ JjA S< 

L *-U-vA‘ 
j_\ - •'■A 



V 



Ck\ 



A 



-X->A 

1C 1 



A - i-1 



w 0> - (A e. - -v ^ t -v J. 



"A - 1 
Z 






^crvahil^ \ \lV\c. Uv^Y x 






0 

\ 1 



= vtn^r (ji-v-. -V-'-x - An. 1 ^.,,-i 

“ L ‘-r J ,TTT L ■ j 



o,c • 



TL v-T \ A tO X) 



\7_ VV_ xb->- u x-v Yj A >, 



\o <2Y 



— YlW<_ \Ao- c -\ \ xVo -vQp- Y - C^lS=4. \ 

oc' : L - A 



7. \ \ c - (_ 't> - \_A ^k.Vo -v \o ^ -v \o ^ -vEb-,x_ ~ A c ^ 

\oCL L 



S.-.-T\oii \- 



ui yJ' 's -^iK A A 

(-^L +- Wx \~ 



= U_V\, 



c 



w 



_ Jl. 



»V 



l. t-n 






_A_ 



-V c--i, 



X e\> v A 




4 



C. *T 



cj~ - V A- fe C_ V jr\ 

7 _ L^C-V-Vc-V* 



k T_(clc.-vVsc\ t ' l€\. v 

~KS)1 




l 





"V- C..- 3 r 

— -n) 
1 c. y u e. 




“^OlAVwVV Vj v TVS. < i'ct.CT\Ct ' 3 ^ THt TOTA.U V\ 0 v\^^T 



r\£,C4T Trt'S. I'cTT 'e V:.' v ' - V* iHTt N^j 



T 1 = \iJk_ 

. v- 



y* s. ~ ^ ~-T i * ^ -i \ 

i i 



u tl 



■V y V^<_ \ , 0 - c? \ -v- \\ t~\o. v'ta- W 1 " -v -v- 1 xc. 
vlt 1 L -j U'-l 3, 

^ SS- w-h-" \ Jk_ ( X±£-\ + -* ~i— /S:L~ iY~\ 

> Lxt \ -H ,,^ t iy l z-jj 



• iVVCs. IS -Tb Y_^\j ow YWOviC-Vv’Cl'D 



, 1^1 




T-- v_ c ^vtA?'w\v YjS-T « 



— c_— ^ 

^ -a. Vv A- c. c_ 

^ L~ c_ 

0 



T 0 _ X) fc.Tt£.*C n \ Ki V 



Twe. Ac^a, 



CT 

w v-X* \ v to 


X »o 


X 




VA 




% 


V~ Wx 


\TS 


At\> 


A 


/\- 


r«y 
• \s 


VVcX 




Vl\AcC?X 

^.c-vX^(5 -c^y 


o - 


o- 




D 


D- 


-TE. 


Xa>- 


jA 




o - 


• J\ 










b 


No 


Ad^tc -V\ x^ 3 






^F 


F. 


X- 


■F 


V^c.^—c. 


•y ) 


\~L \A j_ ^l. - c.- >A 


o - 


(b- L 










Vd 




beT* 






FC_ 


V 


F- 


C. 


V\^- 




\xVxc 3 U- A 


o 


~ V 










Vy 


a' 


[ec.i CA-cA >^ 3 







Xwr'CL CrvLKT'.vj-- AiN : 






/ <Ax . 



A ^ f~ 



VT.V\c x 

X V> ‘ L> A- A - c^-.xV Iti 



-V 






* s Sl=wT tOt-3 



A 

, \lH c X(b-"H \ Ax 

j o A (\\cA -* ^ ^ -Xx^ ' 



C. \ \ ^ s^ v 



A X** -•V's 



'c- V\ -v ^ — 7_V\ Ji 

C - tX ~ ^ V)V, -v \ — iVn d 

ov^ L ~ 




— ' v -V±Asl 

1V7 A J 

w 

- ♦ \ ~\ 
^ J 



- 32 - 



j E. v.T»0^ t\" 



\T_ V\*_ ^L- c. - ^ -A 
Vo 



■A K 



— \~lTc. \ V. (l - - e \.v - 1 ~ 

n<_ (O-ilJi 






\o 



c. 



Ts\s.cx\e>io 






id.jJ 0 --A 



o 



vlVT e \ 



r / \ • 

\ 3 L£c. + C-v--<=- v x J\ 



-V JCL 



A 



-. Co v\ c 



j "LV," c. aV, ^ ~L'^' 

x J- 



VA O I - 



u, H 



‘O ti . Z 4 



To \A \A \ < i x Of \ H t:, 
'TAt a ^ \'w?sa. k ■=■ 
-v O^JoMTc.^ 

Vdcl 3 



,V: >_'T \(J»* s :. 



C g> \\c_ ‘k . -\- c> \Ac. — ~* \ ^ w_-vq - i.v -i - Vv\ ,a 

\^v a L cv H J 






Vo 5 i a T 



v» TV 


IT’riw 


Vauo'.vj 


v»- T y»b Y 


»C* V V*. 


\ jT C r T t* SL A vlv^h* 




vlfO o T 




V_f£, 


y-- ” T-O'j 


o Y- “T VrYH 


To^A T\ - 






i j X s 


o •** 


H 

“*r- 

_i 




11- 


V_\\^ 


iTS 


ko 


Pv 


A - u 
ck 


\ll\,CK 
Yec--v4:.. - 




(ST 

^,-aU-x 


tf ^ 

~ -T X C] “ 


- 


TT& 


D 


V - t£ 


mVTH-- 


b 


\lV\ c b\> 


:;Jk±^ ° ■ 


- cA 








b^V. '-i-vcc-V 




Vo ywA Ac 






tH 


T£ 




rd\c.(v-' ■> - * 


) 


\lV\c.(b- ■ 


o* 


H 1 



s _ 3 



r- 



.. v„ \\jVT 0 -^V u\y? ^ 

b - - U - H ^ >y 



0 - 



-3.3- 



A_vi*ru t ,kj \o 



to o ^ 






EC\o»o 



A'o \lVVv- x v A 



^ X U - v C<— -C.^ J 
-- \1\ C .~ \ -^C, — ~ 2> Vc ~ A Y> c -v -V _L 



— V 



s.\>W 



} / — ' — 1 — mm mm ■ ■■<■» ■— >■ I ■ i^ i M a w p » 1. 1 ■ I m ■ »*> ■« '■.«■ »■ 

L 4 c -W - 7_ C-r c. - .OA 



1 



'b'ec.TvOvo 0*x~ 



\l\\c Ay. 

^ VVn A-V-<iiC--V\y^ 3 



— \*L A v. C ^s. V ~ A- -v _ . -l \ -V V^\\ c cVy,_ A\V\-cc _v _\. \ 

tv "^ j k >tex i A 



L V'y »- -' \ V.\ §,_w -v ~ L ^-4 \V, i - i i 
oV L j !■<£• eY- 4 - 1 



+ \] 

V, 

=•■ Ua 



*■ v,^ 



d x 'Oo- 0\ 



<s*t 



v_ ^ ; 

o 



Y\ '~~ ^ 

-V \i_ v^ u r r i V W ~-c -v a ^ e c_ - V A A - 
\) '^ >- A 'k..^ic'A 



■ i 

_»L 

~t 



_J 



V-X; 



xc ( „x "El v- 



\jJAeV.X- X.- / A~ * x^| A *• 

Vo 

UAL- \ -A'-iv' ~-A -^ A-.t l - c " , r - Cs~ Lc -V \ 
w* L . * j 



J* 



~ VUk- \_C. 

\s~ ^ c, -A 



.YxC.-t ,„•)« iTC 



f \ L ^c C ' S Ax 

Jc, o^ic-v U- A x~^° 

C Ac. — < Cv* ^7 J r Cu V\ ^ v - y ~ ~ ^ 



\o fci -y X~T ~V <■ cl 

4- \AjVjA \ V - Ac 

j> | -s- 7 

^ ( > c. n 



-V * 



VA 



- 54 - 



u rv v\ \ v - C f "T *5 v£ wm u \ ^ T o "* P*. \_, ^ 0 V^ 'CL w "** 

CT 1 T-- ^ *A >cvi A, 0“ Tv^R ^Vr ~ \}\ A ^ sCA\A fs'wOOT 'Th’5. 



«— VJ« \ rt \ ~V~ Vj '"O C v* ^x, *\^ ^ **^» \ \ \ "*^i o 



\ 



— >2z. V °- ^ ^ -V- A \ 

1 (^-Vf^\ l -J 



li ~~ V^ j \ W C \ Va ^T-Ssl 

> L v w — v K. ~l 

+ kik'— V i l -uc. yi +^ki-4. 1 -c.\=--0\ 

K L •-‘■j'- J 

N I s _'i£<--W'A'\ 



vj 



■+■ \ v 

Tou^ L i 



~ C. ^_Q. lv.\.-'^(l*lc^ 4 ( v.~ 1. u- ) ”\ 

V..-. i C. ^ 

.(ju =T -v U.c 1 (_- -A 

v -L 1. - " " ' ' W 



2 l“\ 
Z J 



O 

■V* Vj' 



\q «£.** *T ^ _ 

-V \ltt«- ^ \ V £=. - A- <5.<f- O v 3_ 



UV 

O A 



L' 



■V 



1 



"\v\v- .^<40 W iVV^C \ JT NT? Tw^. ^W\LA 

Tut W^; t O\(V;,v~^va OT- A V.T.MA viYTY\ o-< m\?.Tu -ftu 

Vn.4,)Kit.W=^ rvT \iOTv\ ^W'/i £v Y-j J =\ V's'OK'^ v',T 
f\^V'- s 'vL'0 •4'*' C;>Vj\i H>-"o M\V\_ \jO <0 N-Ts. 



\)^TS.C^\U ^ . p\G-r>xW TVi-S. V:tAtA Xu.’. \,~- 



Cc Vo'u \ 'Cl NX V.^ O ~u \> Ti^ v-> Tm't u\ T> \) V* V O \<^~' r ^ ’’0 



C- A ‘Li '=- 



is: 




- 35 - 



"^c*. {Ln\o . 



VO ~ \WCi \ 



Ni 


X^-o 


X 


^ *Vx ft VATS 


( \& 


ft 


A-a 


AX Utt*? o.c.V. 








u ftft 

W C\_ 


n * 

s — 


ft 


ft-C. 


\A * UwA> \ir\^ Cft-vY) o - (v-icO\ 








U \_ eift~ 


c_t> 


- 


C-D 


Yft ^ jA-XY \ \XV\ ^ (a- c.ft>\ 

L Yftftvy °‘ cV 



■ V ■ v u \ A Vj* w*V v vo ■**• 'x 



~s >0 VoX 



< ~_>'e. t. ~ VO to ft. V- 



S’ 



ol 



M-VA^x <Ax 



o ftW-<b£^>\ 

a. J 



YLVW / cA- 



v_ V T ~ 

,T -t-i 



Yfti 



-A- - A* ^ ■=. -v Co v\ , A <- ft 



LT 



v-i S N 

1 \ "k^ A QYi X x \ a x 

/ o Uci3 

= VlJV \ -v. 

i~a> L 



-r 



k **~ 



» ■> \ T. -r \ ~l \ 

V. - (X c_\_ 4. X A ft I 



ft Y ft — (j\ ~ A f — \ 

eft 

S^c,t-,o^ CLft> f \klltL^Ll£kllA ^ v ' 

Jo 

- G, ^sii v :^ v ') x u vft r c>l x 



L 



ft*V- 

= ^flh \ ^ y )'ft :Y V - 

-fte v 



uA.*e -vA-1 

(ft-AMl * ft' 



0 \ 



-3b- 



O n r> .k> (»• \J ^ T tS CA Sti _ V •. U S 

~V~>T*,u A 

■v ^ X~ 0 

4 X «X 



Xl^jaJAX- -v 1*V\ K L (. \ - i. X 

X v cA 4- X A j\ cj~ \_ 

Xe. ’ 



X _ T>\=. T\1 k. tA \ >v. \ t J »• T , «.< ; \ _ V' t A V- V;~C C ' 

~VvSVi DxA-.^ vxkvk ‘\\ ioJ - Tn^ ^^'v> 

n/. 



Tj\r v Q*^ X 


















U'X* 



V_\^ - h 
\ 



o - - 



k k k \ L^ t% x - 

AH^XXh^cVI 

4_ \\ ^Uv ^ k-U'X'i 



-n ' \ 

\ - »> 



■0 \>-c 



kxi 

\i\y X~X 
A<V 



X i. 



\i\Va-X 



-A- 



l V v-^va k-kevi 



X{UTE:Qr€A~T AIX kk'-X i'a'i ‘ 

:_\- 

/ 

kv; C." \ o v- 4 A Vj 






= VT-VA | 


:X 


J^L CAT \ Xr<~J 


Xk. 


— VL\\f\ ^ 


XX i 


'*. -1^ Itavi 


e_x> 


GXXX(x<A _ \ 


*r v 





vk-(kV 



XV- a 

X £ - \5 

~T“ 



i' XI 

>.«> 1- J 



V-1_V 
\7_ VA 



V-C,^>. 



X (X '-'" -v A cX x -v A ^ A X 



cV. 

\lX\ X:_X A> 



v ^-fe?VY 



-V kL 



IXy][H "A A' A 



- 37 - 



^>\J *A \ \J i- vr TO \ MVJ T v\ ^5. 

TftC T0 T«\u tVjtAfSWr T~ Tr\T. 'ViE 



^Co ;T* Th^. t\^HT ^vO~D " 

R. =“ \ 1 AV V - x 0 0 -- ooO) -*■ <-\-(\ 
\_^ L 

4 - U V\ tA c\_ x (r-^ - \ 1 ^hcC 

^ -Vc 1- 

— "LA VV i C?'v? '\ V ^ 4 -v-Lv 

\_ L(£-«y j L *£ c 





Tv,E T"V -,y.\_.*.*SL "O>T_\0 \ ■•> v. O QXO ~ _ ^'3. 

'^T-V,TL 0 VS- O ~ 

\)$ ~4v. ’V O -A~ o Vu.j S'.vj~^ j \VJ “T ~>c. Y->«. > ~ 

'^’E.v.T >oO , - i v.j VL T^l ‘4 \ '> ~. *-> VlW\vW \b-'>-v'>L 

\Vi — r.’CL TAVw^ r <-':'A 

T> \ s_ vi -. t _i yot '£L v - ;t ~ v. t. - x w\- o /■ ►v~~ 

N 

V^u'5.1. i, \ J j VJ Cj'T •\v4Qx O'O'e.ti, 



TABLES OF COEFFICIENTS 



FOR DETERMINATION OF 
AREA & LOCATION OF CENTER OF GRAVITY 



OF M OVER El DIAGRAMS 



nAov-jw-'n a -a Owe. — Oow' .. <r Vv \-.oa 







(■ViOii-A 




T>\AA.L_A\a 



vc.LiA^ 

C- ^ 



V) ^v; 



Vl^=- Co^tVJ'FXw'^ i 

-=* V- c^.\ i - X **• 

Y\ <_' - V‘ ^ /. . *S . v . \TL Y\ & 

\ ’at V\ \ V> \ tA 4 t-s. * *“ -V 



) } Vjx^X' v, qvt \ c OO 



W.-T/*»w>c.^ To v.Hi T-.V. 0~ 1. Xi-Q>A \JK~T Owj -X v.^ 



4 /e 


r 


V-C: -\ 'O ^0 \ O *v O-— 


• T-S j . So 


.“V S 


\.sr 


. IS 


SS'is^ | SASJA- 


C • C O O 'ci 


3‘ O 


S" ~i 2 Cc> j S 000 4. 


44ooo 


, • 

, t _, 


4. Coco 1 . 3 aC> A 'A 


^ . Co o 


^ o 


. <* 

, km -A 1 


S. A Sc A ] SALS (c 


s.x S \ x 


. S o 


o oc c.i | 4.5ooo 


2 U3» C> v«? A- 


IS | 


I lSOw j X o o o V 


*L . A. £ £» o 


x r ! 


.2. S 


S (OC-) | S.S S c o 


S. \ o o ..• 


•S'' ; 


4,S^^ | d.lao o 


_ XL SO, e» 


IS j 1 lloo j 1AA -AH 


(.4o o o 


i*o 


r J 

i 


s ^XCA | £ 4 S<4U 


4.A-4 4 X 
X:coc 


.SO j 4-,C*o.^4 j 2 X V\ 


IS ! ^5.- I X.v^oo 1 


\. 54 \ X 



\£ 



Qv- 







1 V_ o ^ O V*c. \ to r vX. 


! ,1S 


_,_S© £ .45 


\.S 

] 


■IS I cxcr\ 


O A® A.\ • O.CS4X 


So 


C 24 41 


OAHO 


j C> s \n<v 


! ■ \C 


o. i^U 1. 


O.A4S1 


O. SO -4 4 


2o j 

1 

1 

i 


• IS 


0.2414 j O 44CaO 


O S4 i,~\ 


! .£o | 


0. i-ric \ I OAltd 


0.441, 4 


r ^ 


C.S\4\ 1 0.444 4 


0 4C4\ 


• 

i r 


IS 

- — -j 

. Cr> 


D.XAXo, ' 041U 


Q CiCL 


O • 2 Co c- 


O 4 0 A i. 


C 444\ 


.*u; ^ 


0.X40 c 


o . '“Xo £> 


o A- v o> r 


4 o 

| 


■IS 


O.oAW 


O Ai.ftu 


c SZ^nST 


■ So 


o 4440 


5.4440 


o 41 ©•-» 


> 


i .'\ s 


O L~A 4 A- 


O 1 lA C. 


O V\S<A 



- 39 - 



v*. a > * 



\Um 



um Pv'T 



Ow 






• ^ 0 



- n 0 



- 40 - 



tM&v; 






1h D 



\ 







AlSEA, - Ai u ^ n - 

ti ^ 



Vl-L. 



* 4 . | 




C- 


- — ) 


~L C i 


1 So 


. ~\ s 


\.s 


r — ■ j 

S 1>Ml_ 


S . C 0 0 7. 


i.SASo 


1.0 


S.3\ Z ^ 


S 'wSoo 


aivas 

i . . 


1 5 


S' V", 5 O 


SAojo 


\i A~\“0 


?,e 


S- \4-"\S 


A , ; W\& 


*1 *\ O 0 o 



~^\t,Ta,\0C'?. "Vo '^-- UiVT 'Evi’.v 

= v:* u 



Kw_ 

C- 



j ^ ~] 


L_ 






C- 




k— — — • 


~7-lc 


T - 

f 

i 


■ so J 


A •.-'-.. - 


\ S 

i ; 

1 1.0 
1 1 


r ■ 

1 

1 


vj? , icl O 


r 

i 


I 

0-1^0 

1 


O I'M. O 

j 


1 

1 

1 


O v \ Cl Am. 


J 

! 

1 


1 

OIASl 


O L'i'M 


! 2 5 


1 

1 


o o 


> 

1 


1 

O C^» u»? a 


1 

G."L\^fe 


1.0 




e a\o ~\ 


j 


vJ i. S ^ K ' '- 





IAauMCVa \T CHV 1 E.<A 



\> 



w 



DHr. Ut Art 



V\m.v)UC rt^O l^tA 



- 41 - 






r 



V. ■*» \ 




T=^- - 


|\ iL.7^ A 


^ VL n LW M 

\<-a 




Ae 





cl 

JjTT^iC^JZi: 






S' ' 


\.s 


4 Wv'\ 


t •$, wi 




z o 


4.i\lC ’ 


■1 O O O Q 


1 cas 


1.* 


i.suSo 


a S «b fa -a 

1 


\ . S -v S o 


1 "bo 


f 

i "i -\\V/\ 


[ 7. -l 7L 

\ w 


\ Uo O 

£ 



"D-'W-oac.'s,? To C^-.^vao^ «=wu 

- V. c .\, 

VC 

C- 



; Ve 

i 


f -« — - 

{ . , .'Ac:* 4 


' | ’ «r -v 

.. ■ 1 • • - 


' 1 

l — 

j 


1 


\ s 


0 1 o “V \ 

f 


O S'U’L 

j 


t 


C . 4 A. 4 E; 


1 1 O 


1 0 . 5 “\ 6 <« 

t 


0 Si^l 




O C O A A 


; is 

f 

! 4 o 


O- 4 STS A- 


O .4“\u>\ 




1 

O 4W 

j 


O S4'if\ 


0 4A S 4 


1 

* 


0 Ac c»o 



u 



At 



vjOT r*\ 









V.O OUJ,f 




Aiv:- - V* LH. 



Ko- 



T/^ 


c 


Lo-vC. Oo.vrr (4_ 


. \^UT 


*V -I -l J 

. <S-> ^ 


. 2 ot o 


vs 


AW 1 


5.tiOo o 


£ A ST O o 


2 '\TTT 


.2 

• So CO 


_ A. .04-0 o_ 


5 * G :. o o 


S \ \ \ L 


”i . Cs o <o o 


3 %CT\ 


4 oooo 


2.o 


\ t 


S Aoo o 


£ U2.Sc 


S Uww \ 


22l2 


4- . o oc- o 


O.j 


^ Ui # *\ 


Oj 

6 1 


2 Sio o 


2 S\uo 


3.000 o 


i r 


• \w \ 


S'lbO o 


S.CS'Oo 


£ S’ooo 


2 222_. 


i W22 4 


d.,lOQG 


4 A o o .•> 


c" 

. O . ^ 


\.AlCO 


2 \ \ A '\ 


2 4 o... o 


- O 


Awl 


S . 2. O o o 


S.ffoij 


5 Z S £T S* 


. iiwo 


i4oo^ 


A o o o o 


4 U 2 2 


^OvoO 


\..5US 


\ So 0 o 


2 o» o 



V) \ C .,T ^^C\l ^ VwCj I \ Lti r'^ ^VA \3 “TO V T 

122 : V*' « 

VI D 





C_ 


Vt,^r vV» 


—/<£. 


•\o^/A 


. “X ^ *\ "i 

O W v >** 


.So •;> - . 




AWT 


O O^oo <-» 


O , 3 v 


O . Soo .j 


\.s 


.2222 ’ 


© 420 -\ 


O A C*i V 


O . aCvjO _ 




. Cuv> J 


0.4044 


C4S?- 


o Saoo 




A v^c \ 


0.4CO2 


o 44 A \ 


O o 4..' . 


2 o 


-\~i N *^ s 


O 44- L «T 


C 


o So ^ 




. s o.. 


0.4W4 


O 4U 22 


O SOOO 


— . 


<\bv \ 


0 o\ O'-*- 


0 A 'i o 


O S'- ■-:■ > 


z.s 


.222 2_ 


Q 4 ;2a 


4 Mr2 'w- 


cSOjo 




• Cooo 


o 44 ce 


O 4W2 


C 




AWT 


O ,4\'io 


C.4 5W 


O V 


‘"4. /s 

w w 


. Li O 


C 4514- 


O 422 4 


o So - 




. S co o 

- — . - 


C .4S\ft> 


O 42© S 


C • £ ^ i -> 



-42- 



V\ 



t*\ yj ts ^ V\ 



A.T 



H OA uO 



— V\jHEHT a,t ’t-AT t,V5-V- 



va , 




(\e 



KITS 



\£ s \.tt 









£/ 


v. . 




. \U- ^ \ 


Z * *1^ 


I 

i 

} 

zj 

:^j 


vs 


£T U\\ 


A-. I’Ll 2. 


~6 X z 2i 


2.0 


A \ * t 


< *‘t* <•«■ <v^ ; 

w -J V— w 


1 1T0 o 


z . r 


A- o - o ; 


*2 \1Q \ 


\ . USo o 


a 


it -Va-Va. 


2. . 3 v 2 ^ 





\j .^T-V^-Ai. Tc — Cr Tv-^'\ v vVf- ■"E.VA.O 

= V. te \- 

v:^ 




- 43 - 



44 - 



X 







T3v.V' v.;. 



~X±j \fL ~TO "X.VXV v. <Vv TW£ OVi qT- T n\i 

X- tN ' w C O wn vi X v— •< v X W CX U X vr X ,C v. sj w **v v— 

Co^~?\e^NiV^ co^ vor^t) \\o tx \ c tvnxc-v.x / X , .;v ^ 

XL\*A^vVXC XwXV^fvb VvVuU \iX. Wo^kU\ 3 , 





\: V_*WT' c_ 
X\Z/V Jt* \^.$Trk 



\ 6 \ Tr\? XV^VT.C CO C.X TC 



X- 



y. =, i o x -~ o :: 

r*L 

Thtiio Tv,i ~ vj w 



X'w*\\iC f-w^Vi. W^V fr O C 

,>w - o • ST 



\/ 



x---* 2 - L 



Vi « O S o o Vie. ~ c A;i - 



-45 



& = & - X 5 LW - x -L? * 1.0 \A a » 

\ L. — ***"— 

0 3 O 

P\ =- VVu VA C a V^x vW> = Xx 5 x \ ja\o -a \ >r\ . C 

C 5 - tT L_ 3 

Iw JcOP-l-. T-ou 'TvxVa 'YXA.vT^XAVi "To 
VTfA O \- T'^'e. AvO V vli ta Suoot'-J XlA'O'V'w. -X\~v_c_ 

& v - PX A- = o 

TvJ>-e.to ~L £\ - ox. £\"* ^ 

5.<«x 5 ft* =• V: \C 

o x hft, = V\^ — °T,T _ \l .v. \ $ \i. 

s.>, .r 

V ,v: - Txt W%V:T XOi, O O? XMA^ Covj-iT'VwT C. 

To XV\VLC_V» TAE <\vio^v=. AouyT\o^' ( “'rtV. T-aOOE. Ovo 

VX Oal \B \x 



Os- °- s 




-» N. O 




*• o.S 




- \-Cj 




Vw, T ,> O Trt t -V-.. 


THt 


C_ 0 "viT- V \C. \ v- v 


■^:'«_ Ai'e.TV. ._^'.Vi .V 



T t\ti. v- ■ ».v. o 'Gvj'a r. ■ tv* \ a TAv-eo 

C_ — .\UUA 

V\^ - V\^ « .\U'\yVL ~ .\vTXjvlO 

— \U Vo~\ V • X (^CVA'E.c.'w^ 



46 - 




Y_ 5 *V \2 

Xh'WvCJV V\ 





■ V vavyvc.- 

~T -4 A, VT=_- Kj v~ 



- 47 - 



\W 1HS ^C.\_rVi*T \C_ — sJAmX. ~"Ma < \'£. 3-''-'C. 

TtVC. VX 0-4 C- V= 'f v U) 

■M ^on^T-uiT mm -W- ^r.u:ci.s vmnwoc- a 



O’x- OVJ'T^ T-ii K X iVVi T A.ViV.'ti.’O 



m-o\Aa i^ n - \. -. A c ~ ~m \ \ 3 

c 1 



k N « MVU , 

IX 

k, « - Mr;. V\ a, [\ A ^S.ISV^, MloW 



xx 



fv~ Mc.oGA.UtA ? - "VAC-VX 

e' 2 



!k 

x 



MOUW.w VJ? TWtt UTc^^-TxO^ AOCMVuX ~ 

— Di n -V ^ x A- -aM-v & -i- k « i^A "* °^° 

o«.-^M k a -v Cm ~ 0 N ) 

S.vitNtV^ UVT>V& 'D».V'„¥-^TsQOS von M To X !■ 

((\ x - k^-V S2\1 D^m- AATX ^' N -l A ,VN * 

Oi t\ 3 - .AAA «, IV a .T/A-. - M O M 

\T^T\Vi„. TVt^S. \ f kuo \k *-* Tow ^ V* 

\1X V\* * \iv v\ t = l-A S\ -V M 

<au '\C ^ t ^ -?r.w“ v\«_ - k ) 



K -' 7 Vv ^.s.T Mo • 



(k 


V1X 


CA 'M A 


M ~ * 

A« . \ W XS 


\Ao -v 




= 10.T 3 




tA o- - A 


Mm V'm 


“ MS* ~l 






MAX \\<_ 


-**- \0 -v iS» 






m t\ c 


.--= MAO 


-v X 


w- 


= \M5‘L - 


M L7_x\-\ ,*\ 


o - \x 


t\ * 


•= \M\\ « 


MSS 4 


x. . 











48 



'bSWj.r TAXI VAC'T-'E.tA TLA HcmtVAV 

\)VT VT> C ^.Vv&ww- %. 



“V \V^ 


VXArVA A V?C. »*. QV- Tv«.;\ j 


^ tL Cl c w «>t a vj^ •£, 


A . 


» T. — O 


(A„ - . 


S o 


/-V 


»w 


Xi 




^Cx 


- v\_ ■=. o 




Vo 


" C. \i ~ 


0\ X- 


An /A A 


VI ,1CJ'\'A 

1& 


c W.C. •» 


\c^» \ua 


a MTi - ■ SWT 

la 


FEV\ 


~ Jr . CTL 


A? >AAo -3 


- 4 S.Ia-4 



C va 



— • \Bvi\ xI'VO s= - A A,Cc.<l 



Touvr 


A 1 


XL 


C 


VA'g.va . 




T A 


J£C^ 


C\S 


VC 


vlOO O 


.lOoo 


. sw :: \ 


.lOTH 


U V 


\ 


■ 2 ^ \ C 


T\ Ao 


\ 


_2_4:T 


_jl.SL. 


_. s 


T^5W | 


. VV&o 








— A A . vcxsA- 


A 1 . 1 V» V 




A- C .T\ S’ 


AlSf 


A 11 .U1 


-MTl i.- V 


BxTT.ew^x 

r\OH*;*>rV 


-VT TV S 


vvi_.tr :; 


\T LA Oi 


VXTT1S 


T.T-mov- 


\.s 


sr 


o.\ 



TL vc ~J\~LX* t\X \ f'vC; vH.^£yj *7 X:\CiLC ^ 
CC.\.0k^' 0 \Vj ’"V^'Ci. VsO^'Vvw'T \V\\C V. A 0 ^)OsL 

'To ^‘Vj \ Y^ 'VvL s4 v * N ^ wo VA T V\ x£ Cj^ : 

"7 w-a\-\T. Co w, T4,' v t-- 0 _ \ 0 (.tT A VVOOE A_l.jv Tv 
e\A^v_ taxi \'auc ' 5 Fwcn w t_^ xt v .o 

U A vi w To CT r> UOTT e 'A T i Tn \T ClT V A , C W-. yT Po A 

V Wt-L. T~ Li t~\ T A-Vm OFF- T VAX’* C_ !'s~V\~ . VrYc. 

‘Oottvovo A\)T ' o 0 vr^ a A A dwriA . 



49 









Lo-v o 

0 I A 



lo 



k 



7?~;r 



ID 




*S\tV -H. 

V\ , ms. - : i 

~\}A * W ^ \A 




- 50 - 



A 


•FVi\.\At£ 


Vj\o_ ST- 


<= >0 _o a. 


O V\tiT T>v-. 


S w VOT \ 


c_ CnJ i.0 Ti. 


'TwA ir. V: 


ov. \v0 


TWO Vj^Tb 


~W 


^VOOr 


VA \r.T HOO 


\0\Ov- \ >0 0 COO'S. 


f\ S \ *C MS C.T 


tsCOOTNOO. 


Swo)<-r_ 


Ta ti ST iocto %L*5i 


_ \S S 


S h\A^w\',^'w 


A-Vb 0 


\S ’o> 


^.K'EToc 


. A 'AM V- C 


> A U Vi- C 


Trt \NGAo. 

l 


\S 


S-O tr. A 


r\-'H S\n 


V AN <- ' X 0 


• 








i\ , — ^ o 




&r 


^ 2 , ^ &4. 






vw« n 0 


n* =. 


r\c 


M A ---- tk 

L 






A- A„= 


n.u* = 


=. \t.o ¥\* ^ & a Mg, 








ix,, 




" 






IA= 




= \lo V\ 




















■V S 


= ~vsL \A » 

t s. r±> 


Sa- Mg, 





f\ - -V.^sT, U, V; = Cp'M-o 



>"Os_ TAVL Son Or T-\^ (Uli'.tw S^0.%v_0> \SO t 

- a £h ^ — /\ s -v- ^ 4 (\ s -^,.>^ 04 -' 0 , 

o^. -aT-Csa = * k v 



"Su & S” \T o vvOo, “ 

-GoW t A.\lo^4S4Ua* 



\ k -V \ \ ^ tsr U O 

tA u Z^.Vi ■£ Vl 
- A& - \(..u^, 

X- 



-51 



TVVE. tttY rVCO \N W_A_ \ VA. J 0 w\) Ci. fA i^V^TWi^. 

‘"wO'-’jr./.O fVo^OV\v, s (\ To V.V^ fv VC.Wv.VS'Wt* ,t . 



on; 



CT 


A^.-\ \ne Ttvn.^H. 


vj u,'» att 


'V\i w V Vj 


T;, 


r-ATo TvXT. viT.^.-X'rw'Tv h 


t ^ » ~~*\ v\TC 


(Vc-T ; <4i\_ 


He. 


'T't.k.-o vLT,uV- 


* •' ' vv \ y 


fVC*-* .'') 




1 V.TLT & u - \ 

’OMT-Uti.^TvoO oT C -O 


A 


- l\ r •- o 

•o 






cC 


^ z_ 




3^® « AT C_ “ ^ S' - & 


.-= ' 





i VO 



CTO \i \C rtto \ 

\ -V (a — • ~ . S N -v . A\c, c 4 ^ 

S-tCxU^t^x bv 4 = fl ^ 

=- - 

\ . - ^ ^ 74 ^ cW 3 A- v r A^') 

\ ~~c>~ 

n c Uvr..\ - in 0 - u ^ - 

\*L^o 

.\ KaibC'i * ---t-bM - 4 . 

A . U^TO ~ _'l - ( '~ VL -J 
Cl, •» A A T. O ■=. \A.OC> 



C*» O 



4-S 



f\HS fto * f'U ~ r= \\.^A A VL 

VL> 2,0 

lA c xt\ ^ ir\^ mi A a- 



-52 

T*'&. VJ \v_\_ Ni'c. Ah\ 

\“\0tANc«0^ 't>\lT«.\QOTNO *0 . f\pT>£C 9\C.V.\ViO- TVt'S, P£c*«v- 

\|iv\_0\o OP T‘t*.wL C.QV! VV. \C.\^ViT *e X\JO "Y vV«. p,.V\ is 

V'v.CitA Tt'ils 1 A vs —VS.'o "1 va'uL p o VO—C. *0 \ vl ■ » "\)\‘sT c. ' IvsT \ o tO 

) 

^VJuTb, 



*5o<*0T 


A 


15 


< 


13 


uv-w. 


Au 


1LA 


71 _ 


wj, 


C.O 


t)C_ 


K 


.1, GOO 


,lcoo 


VAAo- 




L0O5 


7- v. j o a^ 


t>.P. 


\ 


,~L^5°\ 


A\4A 


A\A.v 


.ISC^ ’ 


\ 


w/F*. 


. s 


- 


. \vO 


.A\c 


. v 


.s: 




45.^ 


4 A ,14 


-VA.S4- 

VISAS 


-YXo.-Lo 

-AL.SC 


-Y\ ,\u 


- 'S . * e. 


AA.lV 


-a-^Ao 


-loAl 
yz.s n l 


44 S'. 41 
-\\ 0\ 


- A.A\ 


L.7.o r 


4-\ ,\7_ 


Vi. 14 


-i.^i 
a-S 5S 


-7_.Sb 


-\.'3 


- . S’ c c 


+ esr 


+ .SA 


-7. 0\ 
\\.\-X- 


■v\*oz. 


- .11 


- . VXV 


-v.o\r 


-V A S’ 


-.Si 

4-.il 


- rvi 


v- . 1 Vo 
-\1 


-ON 


- • 013 


V-0 L 


4.04 


-A3 

i-oN 


•V c o 
V.04I 


*“•0 7- 


f 

-ON ) 


-V « jC T 


Y.0\ 


-.03 ; 


Voi j . i 






' < tl *T te i-Pi ^'- 

V^sr^.v '■•*-> 


VW.S4- : 


Vll-NO 


-31.\o fvll.w 


-71.0*0 


— \\ . '— < A- 



Uot'5. TyAaT 



WO A\-V VvLCbV-TsWVb APP- ‘i'.nV vAL 



V\ ' A *•. >sj V !) \ A 4 V, *V VA Vv :*V O VJ) WA /i ^1 
*i\^T~ 0“ TAP. n^.lAxL’EW \v\\i 

"TvvCL T-0\ u'j v \ *' * VLjc -V.s .w V\ "li_P 
\)\A, *> w-VvA \ is _e Kj -JTZ \c_r- -J T. 



sj v** \ ^ *.o. 1 w c l s o 

\M £\i t)CWli?, PCX-. 

T t* A. . IvVAV'.?:. \AoWP-VO"r 
^e.T a 



w A k/. Ai fO*r 1 






-53- 



G >L* i tx 

\ 


T'Acio 


'T^TS 


IDF V- V-Vi. 


CTTVQVO A»V^w\l 


AT T vs A.T 


C'riL KT^' V. 


Ct 1 r ' 


-A j \T -s 


VJ \v-\_ 


\U 


^)V ^V&iJT-.O O 


OF- TVrC 


F\c-T'. .„' 


•. \ «. 

■ V V — 


LOfVO 


^ V3iv*- 


* YO T 'TV*'V5 



vI'clA'A. |a C; \T yi~A wX C.OVi Jte-UT \Q W C_A- V-J c s-L 

CW5.C.V.® 0 ^ACW-X, \S0 T'w'E. F c :^VCS. 

P'cO viA-F. VA . \\x\«b \ 'i TWSs. CVj ..'< ’ r 2JZ vo n/s/Vv^ 

OAVW’-Ts. V'XOVaF.v-V: ^\A ; j‘iAv\lb ^ ^-F.VO 



^ vi. 



- 54 - 



BIBLIOGRAPHY 



COTTON, S.M. 

Subject- "Moments in Restrained and Continuous Beams- 
Explanation of Characteristic points." 
Transactions of ASCE, Vol. 90(1927) p. 84. 

DRUMMOND, GARRETT B. 

"A Discussion of the Analysis of Continuous Structures." 
Transactions of aSCE, Vol. 101(193o), p. 115-116. 

RUPPLE, WALTER. 

"Effect of Varying I on M over El Diagram." 

Transactions of ASCE, Vol. 90(1927), p. 152-188. 

* 

STEWART RALPH W. 

"Analysis of Continuous Structures by Traversing 
the Elastic Curve." 

Proeeedures of ASCE, October 1934. 

Transactions of ASCE, Vol. 101(1936_)_, p. 105 ff. 

SUNDIN, HJALMAR. 

"A Discussion of the Method of Elastic-Curve 
Traverses . " 

Master’s Thesis, Rensselaer Polytechnic Institute, 

June 1947." 

HANDBOOK OF FRAME CONSTANTS 

Publish ed by the Portland Cement Association, 1947. 






t 






t 



I - 






i 

» 



f 




r 



* 



« - * » • 







! 




1 



» 

1 











rr 

TfThesis 

N4N48 



10401 

Nichalson 

Applications of elastic 
curve transverse method 
to members having 
straight haunches. 



r 

Thesis 10401 

N48 Nichalson 

Applications of elastic- 
curve transverse method 
to members having 
straight haunches. 



